1. Introduction {#s0005}
===============

Bag filters are frequently employed for off gas purification [@bb0005]. Dust laden gas pervades through permeable filter media starting at a lower pressure drop leaving dust (filter cake) on the filter surface. The filter cake is a source of increasing pressure drop (*ΔP*). Therefore, it has to be removed either at an upper pressure drop limit (*ΔP*~*max*~) or at a predefined time interval. At the *ΔP*~*max*~, short duration pulses of high pressure air in reverse direction remove the cake. At the lower pressure drop limit (*ΔP*~*min*~), the pulses stop and a next filtration cycle starts. A fraction of total filtration area is regenerated normally at the end of a filtration cycle leading to non-uniform distribution of filter cake. Non uniform distribution of cake area load (mass per unit filter area) possesses a number of consequences like non-uniform gas flow distribution, modified cake properties (specific resistance, and porosity), which may affect cake formation and detachment. The *ΔP* is dependent on properties of filter cake represented in terms of specific resistance, distribution of cake area load, filtration velocity, properties of the dust and gas. Cake properties (density, specific resistance) depend on many factors [@bb0005; @bb0010; @bb0015; @bb0020; @bb0025].

Usually the overall pressure drop, *ΔP* is taken as sum of pressure drop across regenerated filter media (*ΔP*~*m*~) and pressure drop across the cake (*ΔP*~*c*~) \[Eq. [(1)](#fo0005){ref-type="disp-formula"}\].$$\Delta P = \Delta P_{m} + \Delta P_{c}$$

Since the filtration velocity (superficial velocity) is generally low where Reynolds number is small (*Re* \< 1), Darcy\'s law can be applied to describe gas flow through the fibrous media and the dust cake to compute individual pressure drops [@bb0005].$$\Delta P_{m} = \frac{1}{B_{m}}\mu L_{m}u$$and$$\Delta P_{c} = \frac{1}{B_{c}}\mu L_{c}u$$where *μ* is gas viscosity, *u* is filtration velocity or superficial velocity, *L*~*m*~ and *L*~*c*~ are the thickness of filter media and the cake respectively, *B*~*m*~ and *B*~*c*~ are permeability of regenerated filter media and the cake respectively.

Overall pressure drop can be written as:$$\Delta P = \frac{1}{B_{m}}\mu L_{m}u + \frac{1}{B_{c}}\mu L_{c}u\text{.}$$

However, *B*~*c*~ depends on thickness and mass of filter cake, which can be calculated using mass balance at any time *t*:$$L_{c}\rho_{s}\left( 1 - \epsilon_{c} \right)A_{f} = cutS_{e}A_{f} = wA_{f}$$where *c* is dust concentration, *t* is filtration time, *ρ*~*s*~ is density of particles, *S*~*e*~ is total separation efficiency, $\epsilon_{c}$ is porosity of cake, and *w* is cake area load (cake mass per unit area).

Combining Eqs. [(4) and (5)](#fo0020 fo0025){ref-type="disp-formula"} one gets:$$\Delta P = \frac{\mu}{B_{m}}L_{m}u + \frac{\mu}{B_{c}}\frac{w}{\rho_{c}\left( 1 - \epsilon_{c} \right)}u$$or simply:$$\Delta P = k_{m}\mu u + k_{c}\mu wu$$where $k_{m} = \frac{L_{M}}{B_{m}}$ is specific resistance of filter media (*m*^− 1^) and $k_{c} = \frac{1}{B_{c}\rho_{s}\left( 1 - \epsilon_{c} \right)}$ is specific resistance of the cake (m/kg).

Eq. [(7)](#fo0035){ref-type="disp-formula"} is the most commonly used for describing filter pressure drop [@bb0005]. It is clear that *ΔP* rises as filtration velocity increases at all other conditions being fixed only due to proportional increase of filter cake area load or cake height.

Resistance parameters (*k*~*m*~ and *k*~*c*~) are not constant as is often assumed but complicated functions made up of many other variables. Previous investigations present various correlations for estimating resistance parameters [@bb0005; @bb0030]. Specific resistance of filter media, *k*~*m*~, depends on pulse pressure [@bb0035], reservoir pressure [@bb0040], decay of pressure pulse in the bag, and velocity [@bb0005; @bb0045].

Experiments with coal ash and char dust at high temperature with fabric filters made from ceramic fibers at dust concentration from 25,000 to 100,000 ppm (weight basis) and filtration velocity of 12--45 mm/s have shown a linear increase in residual *ΔP* with increasing velocity, and also an increase with increasing dust concentration [@bb0010]. Filtration velocity also affects the cake formation and detachment [@bb0050]. It is also observed that the cake porosity decreases and (*k*~*c*~) increases with increasing velocity [@bb0055]. Increasing filtration velocity increases the mean particle size of the cake due to an altered segregation behavior of the incoming dust. Also the cake/fabric adhesion force is increased at the higher filtration velocity. Filtration velocity, in addition to *ΔP*, also affect the cleaning performance of pulse-jet filters in a study with fly ash and limestone dust [@bb0060]. Higher velocity increases dust retention which results in significantly increased residual pressure drop [@bb0065]. The pressure drop at the same mean cake load is highest when the dust is uniformly distributed. Wider distribution of cake area load lead to a lower pressure drop and vice versa. The profiles of cake height on the filter surface are related to the pressure drop. Non uniform distribution of cake height is found besides higher cake thickness near the bottom of the bag [@bb0070].

Aging effect due to dust penetration into the body of the filter media over long time use has been studied by [@bb0075] on a large scale filter unit. The filter has been operated at 50 g/m^3^ dust concentration for 1000 h taking samples of dust at 250 h. A decrease of the fine fraction resulting in an increase in coarse fraction is reported.

This paper investigates the effect of operating parameters like *ΔP*~*max*~, filtration velocity (u) as well as dust concentration (c) on residual cake height distribution and bag filter operation. The phenomena of aging are also researched experimentally.

2. Experimental {#s0010}
===============

2.1. Bag filter set-up {#s0040}
----------------------

The experimental set up [@bb0080] is briefly described here. A two screw single component feeder delivers a controlled mass (gravimetric control, variation 1% at steady state) of dust into the dispersion nozzle through a vibrating chute. Compressed, filtered and dried gas (air) meets the dust tangentially in the dispersion nozzle at controllable pressure at 2 bar. Ambient air is sucked in and mixed with dispersed dust (raw gas). The raw gas flows through a 100 mm diameter pipe into the bag filter near the bottom. The filter bags are arranged in three rows, each row containing one bag. The dust collector rests freely on a plate supported on a load cell. Both (the load cell and dust collector) are enclosed in the housing. The load cell is calibrated from 0 to 4000 g at ± 2 g. The gas pervades through the filter bags into the clean gas header and then to the discharge fan. The differential pressure regulator (3 ms time constant) monitors pressure drop across the filter. Cake detachment is accomplished on-line with jet-pulses. A pulse of compressed air enters the bag through an 8 mm diameter nozzle in the gas supply pipe (27 mm in diameter) tapping secondary gas from the clean gas side. The pulses are issued for the rows of bags in a cyclic order either at the upper pressure drop limit or at a pre-defined time interval. The reservoir pressure of the cleaning air can be set up to 4 bar, time of cleaning pulse can be set between 50 and 200 ms, and cleaning pulses interval between 2 and 450 s.

The gas flow rate is measured using an orifice plate. The *ΔP* across the orifice plate, absolute upstream pressure and temperature are recorded at 1 s resolution. The gas flow is calculated using Labview^(R)^ software according to DIN EN-ISO 5167-1: 1995 (large fan) and ISO 5167:2003 (small fan) depending on the fan in use and recorded. The gas flow is calibrated using Pitot tube measurements. A frequency converter regulates the gas flow rate.

Dust fraction settling in the filter and dust concentration relevant for filtration are calculated since transient dust feed and dust collected in the filter are known. All tests are carried out at ambient conditions.

2.2. Optical stereo set-up {#s0045}
--------------------------

The facility incorporates an optical system ([Fig. 1](#f0010){ref-type="fig"}) for in-situ dust cake height measurement on the filter surface [@bb0085]. The measurement system is based on stereo vision. The development of the optical technique and its boundary conditions are discussed elsewhere [@bb0085].

2.2.1. Materials {#s0050}
================

The needle felt is made of Polyimide (PI) and Polyphenylensulfide (PPS) polymers \[[Table 1](#t0005){ref-type="table"}\]. The diameter and length of each bag are 0.012 m and 1.8 m respectively. Available filter area per bag is 0.067824 m^2^.

Commercial grade non precipitated Limestone (*CaCO*~3~) (Commercially known as OMYACARB 5-GU) is used as dust. Some of the dust characteristics are; solid density (*ρ*~*s*~) = 2700 kg/m^3^, median particle diameter (*d*~50, 3~) = 5 μm, and bulk density (*ρ*~*b*~) = 1200 kg/m^3^. Air at ambient conditions is used as gas.

2.3. Procedures {#s0055}
---------------

### 2.3.1. A filtration cycle {#s0060}

Filtration process is semi-cyclic by nature. The cycle may be decomposed as filtration or cake formation followed by a jet-pulse cleaning (regeneration). In on-line cleaning, which is normally the case with jet pulse filters, the filtration step shall follow a jet pulse cleaning and a jet pulse cleaning shall follow a filtration. Thus the cycle time (*t*~*c*~) is comprised of a filtration time, (*t*~*f*~) and jet pulse cleaning time, (*t*~*cl*~). Mathematically one may write:$$t_{c} = t_{f} + t_{\mathit{cl}}\text{.}$$

The cleaning time is generally short as compared to filtration time and in most cases it may be negligible at all. Thus in many cases filtration time is taken as cycle time. If the cleaning time is higher, it indicates extra costs on cleaning and less overall filtration throughput.

Specific resistance of filter media and filter cake are determined from Eq. [(7)](#fo0035){ref-type="disp-formula"} taking resistance to flow of gas offered by the filter media and the filter cake in series and applying the Darcy\'s law [@bb0005] for flow of fluids through porous beds. The filtration velocity is time averaged volume flow per unit filtration area. The cloth resistance is calculated straightforwardly by assuming no cake on the bag (*w* = 0).$$k_{m} = \frac{\Delta P_{m}}{u \cdot \mu}\text{.}$$

The error linked to the value of *k*~*m*~ can be estimated by:$$\left. e_{k_{m}} = \middle| \frac{k_{m}}{u} \middle| e_{u} + \middle| \frac{k_{m}}{\Delta P_{m}} \middle| e_{\Delta P_{m}} \right.$$

The specific cake resistance is calculated from the time derivative of Eq. [(7)](#fo0035){ref-type="disp-formula"} where the time derivative of *ΔP* is replaced by the slope of the regression fit of the pressure drop curve:$$k_{c} = \frac{A\frac{\Delta\left( \Delta P \right)}{\Delta t}}{\overset{˙}{m} \cdot u}$$

The error associated with the *k*~*c*~ values is given by:$$\left. e_{k_{c}} = \middle| \frac{k_{c}}{\frac{\Delta\left( \Delta P \right)}{\Delta t}} \middle| e_{(\frac{\Delta(\Delta P)}{\Delta t})} + \middle| \frac{k_{c}}{u} \middle| e_{u} + \middle| \frac{k_{c}}{\overset{˙}{m}} \middle| e_{\overset{˙}{m}} \right.$$

### 2.3.2. Effect of velocity and dust concentration on cake formation {#s0065}

The tests started with conditioned and thoroughly pulsed bags. The reference measurement was made prior to dust injection. Dust feeder was switched on and filter cake was built. At the upper pressure drop level, dust supply was turned off and cake height was measured after the dust had settled and glass window was cleaned. Afterwards the bags were pulsed again. Residual cake heights were measured after the dust had been settled and glass window had cleaned. Dust feed was resumed and filtration continued for a number of cycles. The tests were repeated at different velocity and/or dust concentration (Sr. 1--5 in [Table 2](#t0010){ref-type="table"}).

### 2.3.3. Effect of upper limit of pressure drop (*ΔP*~*max*~) {#s0070}

Filter bags were repeatedly pulsed and filter media resistance was measured at steady gas flow (Sr. 6--9 in [Table 2](#t0010){ref-type="table"}). Filter cake was built up. Dust was turned off and final cake height was optically measured. Then bags were pulsed. After filter housing became clear, residual cake height was measured. The bags were then repeatedly cleaned using jet pulses at 4 bar before starting the next test. Cake height distribution was measured in-situ on the regenerated bags.

### 2.3.4. Effect of aging on specific resistance of filter media and the cake {#s0075}

Because of long time period involved, study of this behavior in laboratory is difficult. However, since the clogging is most affected by the frequency of pulses, a filtration test was conducted where frequency of pulsing was increased by selecting narrow filtration intervals (one cleaning pulse to one row of bags every 120 s). Seven tests were conducted of 6--9 hours duration. Towards the end of every test, all bags were thoroughly pulsed, a cake was built, and all bags were repeatedly pulsed again. The specific resistances of filter media (*k*~*m*~) and filter cake (*k*~*c*~) were computed from the slope of the pressure drop, filtration velocity, cake area load, and temperature of the gas using Eqs. [(9) and (11)](#fo0045 fo0055){ref-type="disp-formula"} respectively.

3. Results and discussions {#s0030}
==========================

The microscopic image of the surface of the needle felt and histograms of surface roughness are shown in [Fig. 2](#f0015){ref-type="fig"}. Obviously the needle felt surface is not smooth on dust side. Black spots are the regions where surface reconstruction by the microscope was not possible. Permeability distribution exists naturally, therefore, non uniform distribution of gas flow is expected at the on-set of filtration cycle.

3.1. Effect of filtration velocity and dust concentration on cake formation {#s0080}
---------------------------------------------------------------------------

Filtration tests are performed at various combinations of velocity and dust concentrations. The test conditions are listed in [Table. 2](#t0010){ref-type="table"}.

### 3.1.1. Pressure drop and filtration time {#s0085}

As expected, the slope of the transient *ΔP* curve ([Fig. 3](#f0020){ref-type="fig"}) is higher at higher dust concentration and/or higher filtration velocity resulting in a decrease of filtration cycle time at the same upper *ΔP* limit. Since cake area load is the product of velocity and dust concentration, both parameters are interlinked. It can be seen in [Fig. 3](#f0020){ref-type="fig"} that *ΔP* curves are concave irrespective of low or high dust concentration and/or velocity. At the same velocity, but different dust concentration, the *ΔP* curves evolve in the same way. The slope of the curve, however, becomes higher at higher dust concentration shortly after the beginning of the filtration cycle. Under the premise of perfect filter cleaning and constant mean resistance (bag and cake) values, computed from the linear part of the *ΔP* curve, the filter *ΔP* is estimated. The computed cycle time will always be higher than the experimentally observed one because the computations predict *ΔP* using cake resistance parameter obtained from the linear part of the *ΔP* curve. Therefore, between the same lower and upper *ΔP* limits, a longer cycle than the experimentally observed is expected. If the non linear rise is considered, the mean cake resistance parameter would be higher and a shorter filtration cycle would be predicted. At higher velocity (34.1 mm/s) the residual *ΔP* is already higher and the slope of the transient *ΔP* curve is steeper naturally [@bb0045].

Since the overall *ΔP* is the sum of *ΔP* across filter media (at w = 0) and *ΔP* across the deposited cake, therefore, *ΔP* due to cake formation (*ΔP* − *ΔP*~*w* = 0~) is plotted in [Fig. 4](#f0025){ref-type="fig"} versus cake area load. One can see that the two *ΔP* curves, at the same velocity (20.5 mm/s) but different dust concentrations, are very similar. The *ΔP* is significantly different at different filtration velocity and approximately same dust concentrations. Thus the *ΔP* is significantly affected by the filtration velocity but not by the dust concentration. A slightly higher *ΔP* at 20.5 mm/s and low dust concentration at the beginning is noticeable. The *ΔP* at 20.5 mm/s and high dust concentration is more fluctuating. All *ΔP* curves turn to a moderate and linear rise after approximately 25 g/m^2^ cake area load. It seems that a certain amount of dust deposit is necessary to equilibrate the differences in permeability of the filter medium. A particle--fiber layer forms before a true surface filtration starts on the surface treated needle felts [@bb0090].

It is obvious that the filtration cycle time between the same upper and lower limits of *ΔP* decreases at higher velocity and/or dust concentration because the *ΔP* depends on velocity and cake area load. Filtration cycle time at a filtration velocity of 20.5 mm/s decreases from 3388 s to 3060 s at low dust concentration (4.53 g/m^3^) and from 2012 s to 1560 s at higher dust concentration (7.3 g/m^3^) starting with thoroughly pulsed bags provided the upper ∆*P* limit remains the same (see [Fig. 5](#f0030){ref-type="fig"}). Reduction of filtration time is because of accumulation of residual cake on the bags with increasing filtration cycles. Moreover also the upper *ΔP* limit is slightly different (between 1233 Pa and 1323 Pa) which also explains the changing filtration time.

The cake resistance is obtained only from the linear section of the transient pressure drop profiles (see e.g. [Fig. 3](#f0020){ref-type="fig"}) leaving out the initial concave rise which is discussed in more detail elsewhere [@bb0025]. The effect of velocity is depicted in [Fig. 6](#f0035){ref-type="fig"}. As expected a shortening of filtration time ([Fig. 6](#f0035){ref-type="fig"}) at higher filtration velocity at nearly the same dust concentration is found. The filtration time is again decreasing from the start of filtration to the end. At 20.5 mm/s the filtration time is 3387 s which reduces to 3060 s at the end of 3rd cycle at 4.53 g/m^3^ dust concentration. At 34.1 mm/s filtration velocity, the filtration cycle time is only 674 s and decreases to 545 s in 6 cycles at 4.81 g/m^3^ dust concentration. A small difference in dust concentrations (4.53 and 4.81) is due to a different degree of dust settling in the filter.

### 3.1.2. Dust settling {#s0090}

Provisions for continuous measurement of dust streams entering and leaving (assuming 100% separation) allows the computation of transient settling of dust during filtration cycles. Dust settling is higher at lower velocity as compared to that at higher velocity. Transient cumulative mass of collected dust versus cumulative dust injected from the start of a filtration cycle is displayed in [Fig. 7](#f0040){ref-type="fig"} at different velocities. One can observe that dust settling curves follow a similar trend up to 40 mm/s. However, the dust settling is slightly reduced at 45 mm/s. Rate of dust settling increases with filtration time non-linearly. A probable reason of such behavior is the agglomeration of dust particles inside the filter housing. The rate of dust settling gradually increases as the size and mass of agglomerates increases.

Fraction of dust which settles without forming cake per cycle is plotted in [Fig. 8](#f0045){ref-type="fig"}. Fraction of dust settling at low velocity and lower dust concentration is higher and vice versa. At 20.5 mm/s filtration velocity it is around 12% at 4.53 g/m^3^ and around 5% at 7.3 g/m^3^. At 34.1 mm/s it is between 1 and 4%. Longer cycles (owing to low velocity or dust concentration) have shown higher dust settling which is most probably due to agglomeration of dust particles. It has been observed that agglomerates grow on dead spots especially at the top plate inside the filter housing. They grow with time and start detaching as reaching a critical mass. They settle by gravity and partially reach the dust collector. Their length as long as one centimeter was observed which depends on how much time they have to grow and also the flow conditions inside the housing. They are almost removed on pulse-jet cleaning. These phenomena are observed with naked eye as well as captured by camera but has not been investigated in detail. It can be seen in [Fig. 7](#f0040){ref-type="fig"} that dust settling increases with time during a cycle. Evidence of agglomeration is found in the performed tests (see [Fig. 9](#f0050){ref-type="fig"}).

### 3.1.3. Cake height and density {#s0095}

In-situ measured mean cake height is decreasing from first to the last filtration cycle at respective constant dust concentration in [Fig. 5](#f0030){ref-type="fig"}. The mean cake density ([Fig. 10](#f0055){ref-type="fig"}) is calculated using corrected dust concentrations, gas volume flow, filtration cycle time, mean cake height, and filter area. The density (kg/m^3^) is higher (785 compared to 735) at low dust concentration at the end of the first cycle. It increases from first to the last cycle in both cases. In fact the dust reaching the bags during a filtration cycle is gradually declining as reflected by decreasing filtration time with the number of cycles at constant filtration velocity and dust concentration. Obviously there must be a trend in the cake height measurements as is the case otherwise, therefore, data point 2 in data set corresponding to 20.5 mm/s and 7.32 g/m^3^ is erroneous and termed as outlier. The cake resistance is also higher at lower dust concentration and proportionately increases over cycles. At low dust concentration and constant filtration velocity, the filtration cycles are naturally longer. Probably more compact cakes are formed which lead to higher cake density and cake resistance. However, the effect of dust concentration on cake height and density is not pronounced.

### 3.1.4. Specific cake resistance {#s0100}

Specific cake resistance and mean cake density ([Fig. 11](#f0060){ref-type="fig"}) are higher at higher filtration velocity. [Fig. 12](#f0065){ref-type="fig"} shows the correlation between the average cake resistance and the filtration velocity where this trend is confirmed. Moreover this graph also contains the results at different concentrations indicating that a higher dust concentration might have a reduction of the cake resistance as a consequence. However, this difference is not significant when looking at the error bars. Both, the specific cake resistance and the mean cake density, increase from start of filtration to the end again. At higher velocity, the increase in cake resistance seems to be leveled off after a few cycles. However the cake density is increasing. The reason may lie in the error in cake height measurement where the mean cake height is too low (0.15 mm) at very low dust loads (200 g/m^2^) and therefore percentage of error is higher.

3.2. Effect of *ΔP*~*max*~ on cake formation {#s0105}
--------------------------------------------

Transient *ΔP*, filtration velocity (u) and dust concentration (c) are displayed in [Fig. 13](#f0070){ref-type="fig"} for four filtration cycles each with higher *ΔP*~*max*~. The *ΔP* curves show a concave rise gradually turning to linear. In the fourth test, sudden jumps in the *ΔP* curve are possible because of cake compaction at 1600 Pa, 2000 Pa, and 2200 Pa. A discontinuity in *ΔP* curve in the third test is due to disturbance in the gas flow. The concave rise at the beginning of cake formation is characteristic of PPS filter media and has been observed in all tests presented here and otherwise. It takes a short time to level off the permeability distribution after which the cake growth and *ΔP* rise becomes linear. Despite the cake compaction, slope of *ΔP* curve is not changed apparently.

During the experiments, it is observed that on regeneration at 1200 Pa, the residual patches are more in number, larger in size and thicker as compared to those at 800 Pa. A further improved cake detachment is observed at 1600 Pa and 2400 Pa, i.e. thicker cakes. Thus thicker cakes support cake detachment provided the detachment force can overcome the cohesive stress of the filter cake.

Mean specific resistance of pulse-jet cleaned filter medium and filter cake is displayed in [Fig. 14](#f0075){ref-type="fig"}. Specific resistance of filter media remains nearly constant for thoroughly pulsed filter media at constant flow. However, specific resistance of filter cake is decreasing with increasing *ΔP*~*max*~ at all other conditions being the same. The decrease from 800 Pa to 1200 Pa is nearly 12% but afterwards it is less. A small but gradual reduction is associated with modified cake formation at higher *ΔP*~*max*~. As one observes cake compaction at higher *ΔP*~*max*~, a higher cake resistance is expected too. However the mean *k*~*c*~ value is smaller for thicker cake formed at otherwise similar conditions. One may think of a relatively porous cake formation as the cake height keeps on growing. But this is in contradiction to the observation where cake compaction is observed. A thicker cake due to higher pressure drop shall be compressed and therefore compact. On the other hand this decrease of *k*~*c*~ might be considered due to reduced % error of cake area load estimation. An explanation can be given that at 800 Pa the cycle is relatively short and less cake area load on the bags. Percent error for small cake area load is high. However, percent error in cake area load estimation at higher cake loads (longer filtration cycles) is lower leading to proportional decrease in the value of *k*~*c*~. The fairly close values computed at 1200, 1600 and 2400 Pa are in favor of this argument.

3.3. Effect of aging on specific resistance of filter medium and filter cake {#s0110}
----------------------------------------------------------------------------

The calculated specific resistance of filter medium and the filter cake over nearly 1500 cycles is displayed in [Fig. 15](#f0080){ref-type="fig"}. It can be seen that the specific resistance of filter medium is increasing linearly and the specific resistance of filer cake is decreasing with the filtration cycles. The decrease is, however, in the range of scatter in the estimated values of *k*~*c*~.

4. Conclusions {#s0035}
==============

The effect of operating parameters like *ΔP*~*max*~, filtration velocity, dust concentration on bag filter operation is investigated in a pilot scale test facility. The phenomena of aging are also researched experimentally with lime stone dust and air at ambient conditions.

The filtration velocity has a pronounced effect on *ΔP* as well as on cake properties, cake density and specific cake resistance. Cake density and specific resistance increase with increasing filtration velocity at constant dust concentration. Cake density is also affected by dust concentration. A denser cake evolves at low dust concentration. Besides the obviously shorter filtration times at a higher filtration velocity but constant dust concentration, a denser cake evolves and a higher cake resistance parameter is determined at higher gas velocities. However, the nature of this experimental evidence cannot be explained yet.

Measurements with the settling dust under gravity reveal that the rate of dust settling is a function of filtration time which is perhaps linked to agglomeration in the filter housing.

Data analyses reveal that *ΔP*~*max*~ will influence the cake formation at higher levels. At higher value cake compaction is observed. Longer cycles, owing to higher *ΔP*~*max*~, promote agglomeration which causes enhanced dust settling. Dust settling decreases at higher velocity and vice versa. Specific resistance of the filter media is independent of *ΔP*~*max*~. Specific resistance of filter cake is higher at lower pressure drop and vice versa.

Specific resistance of filter media is increasing linearly while the specific resistance of filer cake is decreasing on aging.
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![Mean specific cake resistance as a function of filtration velocity. The error bars are drawn at ± 5%.](gr12){#f0065}
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![Effect of ∆*P*~*max*~ on specific resistance of filter media (PI + PPS needle felt) and filter cake (limestone dust).](gr14){#f0075}

![Specific resistance of filter media (PI + PPS needle felt) and filter cake (limestone dust) versus filtration cycles.](gr15){#f0080}

###### 

Mechanical properties of the needle felt made of Polyimide (PI) and Polyphenylenesulfide (PPS) polymer fibers.

  Property                         Value                   Unit
  -------------------------------- ----------------------- ------------------------------------
  Fiber content                    PI + PPS/PPS            --
  Breaking strength (ISO 9073-3)                           
   longitudinal                    841                     $\frac{N}{5\text{cm}}$
   Cross                           1464                    $\frac{N}{5\mspace{9mu}\text{cm}}$
  Strain (ISO 9073-3)                                      
   Machine direction               27.7                    \%
   Cross                           35.4                    \%
  Air permeability (EN ISO 9237)   133 at 200 Pa           mm/s
  Weight (ISO 9073-1)              575                     g/m^2^
  Thickness                        2                       mm
  Pore volume                      78                      \%
  Felt construction                Supported needle felt   

Source: Company provided data sheets. The needle felt (TAN5448) was provided by INSPEC Fibers, Lenzing, Austria.

###### 

Test conditions to study the influence of *u*, *c*, *ΔP*~*max*~ and aging on cake formation on PI + PPS needle felt at ambient conditions with limestone dust (*d*~50, 3~ = 5 μm) in pulse-jet bag filter.

  ---------------------------------------------------------------------------------------------------------------------------------------------------
  No.                                                                   *A*\     *u*\     *c*\       *P*~*jet*~\   *ΔP*~*max*~\   *H*\     *T*\
                                                                        (m^2^)   (mm/s)   (g/m^3^)   (bar)         (Pa)           (%)      (^*°*^C)
  --------------------------------------------------------------------- -------- -------- ---------- ------------- -------------- -------- ----------
  *Effect of u and c*                                                                                                                      

  1                                                                     2.03     20.5     7.3        3.6           1200           54.7     26.6

  2                                                                     2.03     20.5     4.53       3.6           1200           49--43   22--23.4

  3                                                                     2.03     34.1     4.81       3.6           1200           50--54   23

  4                                                                     2.03     47.8     7.2        3.6           1200           44       25.2

  5                                                                     2.03     34.1     6.86       3.6           1200           57       25.5

                                                                                                                                           

  *Effect of ΔP~max~*                                                                                                                      

  6                                                                     2.03     27.3     4.5        2.5           800            41       29

  7                                                                     2.03     27.3     4.5        2.5           1200           41       29

  8                                                                     2.03     27.3     4.5        2.5           1600           41       29

  9                                                                     2.03     27.3     4.5        2.5           2400           41       29

                                                                                                                                           

  Effect of aging on specific resistance of filter media and the cake                                                                      

  10--17                                                                2.03     27.3     2.5        4             800            40--50   27--29
  ---------------------------------------------------------------------------------------------------------------------------------------------------
